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What doesit mean if adisorder seemsto runinmy family?

A particular disorder might be described as “running in afamily” if more than one
person in the family has the condition. Some disorders that affect multiple family
members are caused by gene mutations, which can be inherited (passed down from
parent to child). Other conditions that appear to run in families are not inherited.
Instead, environmental factors such as dietary habits or acombination of genetic and
environmental factors are responsible for these disorders.

It is not always easy to determine whether a condition in afamily isinherited. A
genetics professional can use aperson'sfamily history (arecord of health information
about aperson'simmediate and extended family) to help determine whether adisorder
has a genetic component.
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Condition affecting members of a family

. unaffected
[ | affected

.5, Mational Librany of Medicine
Some disorders are seen in more than one generation of afamily.

For general information about disordersthat run in families:

The National Human Genome Research Institute fact sheet Frequently Asked
Questions About Genetics (http://www.genome.gov/10001191) offers a general
description of genetic disorders. Please refer to the first two questions, “What are
genetic disorders?’ and “How do | find more information about a specific disorder
or learn whether a particular disease has a genetic component?’
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The Department of Energy offers afact sheet called Genetic Disease
Information—Pronto! (http://www.ornl.gov/TechResources’Human Genome/
medicine/assist.html)
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What is a gene mutation and how do mutations occur?

A gene mutation is a permanent change in the DNA sequence that makes up a gene.
Mutations range in size from one DNA base to alarge segment of a chromosome.

Gene mutations occur in two ways: they can be inherited from a parent or acquired
during a person’ s lifetime. Mutations that are passed from parent to child are called
hereditary mutations or germline mutations (because they are present in the egg and
sperm cells, which are also called germ cells). Thistype of mutation is present
throughout a person’slifein virtually every cell in the body.

Acquired (or sporadic) mutations, on the other hand, occur in the DNA of individual
cells at some time during a person’ s life. These changes can be caused by
environmental factors such as ultraviolet radiation from the sun, or can occur if a
mistake is made as DNA copiesitself during cell division. Acquired mutationsin
somatic cells (cells other than sperm and egg cells) cannot be passed on to the next
generation. If amutation occursin an egg or sperm cell during a person’slife,
however, there is a chance that the person’s children will inherit the mutation.

For moreinformation about mutations:

The National Cancer Institute offers a discussion of hereditary mutations
(http://press2.nci.nih.gov/sciencebehi nd/genetesting/genetesting12.htm) and
information about acquired mutations (http://press2.nci.nih.gov/sciencebehind/
genetesting/genetesting13.htm).

For additional information about gene mutations, please refer to the following
resources from the University of Utah Genetic Science Learning Center:

What isaM utation? (http://gsl c.genetics.utah.edu/units/disorders/mutations/)

How do Mutations Occur? (http://gsl c.genetics.utah.edu/units/disorders/
sloozeworm/)
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How can gene mutations cause disorders?

To function correctly, each cell depends on thousands of proteinsto do their jobsin
the right places at the right times. Sometimes, gene mutations prevent one or more
of these proteinsfrom working properly. By changing agene’ sinstructionsfor making
aprotein, a mutation can cause the protein to malfunction or to be missing entirely.
When a mutation alters a protein that plays a critical role in the body, a medical
condition can result. A condition caused by mutations in one or more genesis called
agenetic disorder.

It isimportant to note that genes themsel ves do not cause disease—genetic disorders
are caused by mutations that make a gene function improperly. For example, when
people say that someone has “the cystic fibrosis gene,” they are usually referring to
amutated version of the CFTR gene, which causesthe disease. All people, including
those without cystic fibrosis, have a version of the CFTR gene.

For moreinformation about mutations and genetic disorders:
The National Cancer Institute provides additional information about how gene
mutations can trigger disease. Please refer to the following Web pages:
Gene Mutations and Disease (http://press2.nci.nih.gov/sciencebehind/
genetesting/genetesting09.htm)
Altered DNA, Altered Protein (http://press2.nci.nih.gov/sciencebehind/
genetesting/genetestingl1.htm)

The University of Utah Genetic Science Learning Center also offers a discussion
titted How Do Mutations Cause Genetic Disorders? (http://gsl c.genetics.utah.edu/
units/disorders/proteinrole/)
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Do all gene mutations cause disorders?

No; only asmall percentage of mutations cause genetic disorders—most have no
impact on health. For example, some mutations alter a gene's DNA base sequence
but don’t change the function of the protein made by the gene.

Often, gene mutations that could cause a genetic disorder are repaired by certain
enzymes before the gene is expressed (makes a protein). Each cell has a number of
pathways through which enzymes recognize and repair mistakesin DNA. Because
DNA can be damaged or mutated in many ways, the process of DNA repair isan
important way in which the body protects itself from disease.

A very small percentage of all mutations actually have a positive effect. These
mutations lead to new versions of proteins that help an organism and its future
generations better adapt to changes in their environment. For example, a beneficial
mutation could result in a protein that protects the organism from a new strain of
bacteria.

For mor einfor mation about DNA repair and thehealth effectsof genemutations:

The University of Utah Genetic Science L earning Center's page about genetic disorders
(http://gdl c.geneti cs.utah.edu/units/disorders/whataregd/) explainswhy some mutations
cause disordersbut othersdo not. (Pleaserefer to the questionsin thefar right column.)

Additional information about DNA repair isavailablefrom the NCBI Science Primer
(http://www.nchi.nlm.nih.gov/About/primer/genetics_cell.html). Scroll down the
page to the heading “DNA Repair Mechanisms.”
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What kinds of gene mutations are possible?

The DNA sequence of a gene can be altered in anumber of ways. Gene mutations
have varying effects on health, depending on wherethey occur and whether they alter
the function of essential proteins. The types of mutations include:

Missense mutation (illustration on page 10)

This type of mutation is achange in one DNA base pair that resultsin the
substitution of one amino acid for another in the protein made by a gene.

Nonsense mutation (illustration on page 11)

A nonsense mutation is also a change in one DNA base pair. Instead of
substituting one amino acid for another, however, the altered DNA sequence
prematurely signals the cell to stop building a protein. This type of mutation
results in a shortened protein that may function improperly or not at all.

Insertion (illustration on page 11)

An insertion changes the number of DNA bases in a gene by adding a piece of
DNA. Asaresult, the protein made by the gene may not function properly.

Deletion (illustration on page 12)

A deletion changes the number of DNA bases in a gene by removing a piece
of DNA. The deleted DNA may alter the function of the resulting protein.

Duplication (illustration on page 12)

A duplication consists of apiece of DNA that isabnormally copied one or more
times. Thistype of mutation may alter the function of the resulting protein.

Frameshift mutation (illustration on page 13)

This type of mutation occurs when the addition or loss of DNA bases changes
agene'sreading frame. A reading frame consists of groups of 3 bases that each
code for one amino acid. A frameshift mutation shifts the grouping of these
bases and changes the code for amino acids. The resulting protein is usually
nonfunctional. Insertions, deletions, and duplications can all be frameshift
mutations.
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Repeat expansion (illustration on page 13)

Nucleotide repeats are short DNA sequencesthat are repeated a number of times
inarow. For example, atrinucleotide repeat is made up of 3-base-pair sequences,
and atetranucleotide repeat is made up of 4-base-pair sequences. A repeat
expansion is a mutation that increases the number of times that the short DNA
sequence is repeated. This type of mutation can cause the resulting protein to
function improperly.

For moreinformation about the types of gene mutations:

The National Human Genome Research Institute offersa Talking Glossary of Genetic
Terms (http://www.genome.gov/10002096). This resource includes definitions,
diagrams, and detailed audio descriptions of several of the gene mutations listed

above.
Illustrations: Types of gene mutations

Missense mutation

Original DMA code for an amino acid sequence.

oA—CATCATCATCATCATCATCAT
bases

=< His H His H His H His H His H His H His }--

Amino acid Replacement of a
single nucleotide.

|

"CATCATCATCHMTCATEATEAT

b
r

=< His H His H His H H His H His H His |-

\ Incorrect amino acid, which may
produce a malfunctioning protein.

In this example, the nucleotide adenine is replaced by cytosine in the genetic code,
introducing an incorrect amino acid into the protein sequence.
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Nonsense mutation

Qriginal DMA code for an amino acid sequence.

o—CAGCAGCAGCAGCAGCAGCAG
bases
=< GIn H GIn H GIn H &In H GIn H GIn H GIn }-

Amino acid Replacement of a

single nucleotide,

~4 GIn H GIn H GIn HIEH

Protein .\ Incorract segence causes
shortening of protein.

U.5. Mational Library of Medicine

In this example, the nucleotide cytosine is replaced by thymine in the DNA code,
signaling the cell to shorten the protein.

Insertion mutation

Original DMA code for an amino acid sequence.

oa—CATCATCATCATCATCATCAT
bases

-4 His H His H His H His H His H His H His }J-

Amino acid Insertion of a
single nucleotide.

"|||||||||l||||||||||||
CATCATCATACATCATCATCA

b
r

~--4 His H His H His Thr Ser Ser Ser

Incorrect amino acid sequence, which
may produce a malfunctioning protein.

5. Mational Library of Medicine

In this example, one nucleotide (adenine) is added in the DNA code, changing the
amino acid sequence that follows.
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Deletion mutation

Qriginal DMA code for an amino acid sequence.

5
| | | L L

TR ST BT BT ICAT BT

e T Il
DNA—C
bases

=< His H His H His H His H His H His H His }--

Amino acid
Deletion of a
(/-'A single nucleotide.

L
r

WATCATOATETOATCATOATE

-4 His H His H His Leu lle lle lle

Incorrect amino acid sequence, which
may produce a malfunctioning protein.

U.5. Mational Library of Medicine

In this example, one nucleotide (adenine) is deleted from the DNA code, changing
the amino acid sequence that follows.

Duplication mutation

—_———

’
5
5
,

Chromosome —|

A section of DNA
is duplicated.

.5, National Library of Medicine

A section of DNA is accidentally duplicated when a chromosome is copied.
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Frameshift mutation

Qriginal DMA code for an amino acid sequence.

M—CATTCACACGTACTCATGCTAT
bases
== His H Ser H His H Val H Leu H Met H Leu }-

Amino acid

lle His Thr Tyr Ser Cys Tyr

Frameshift of one DNA base results
in abnermal amino acid sequence.

.5, Mational Library of Medicine

A frameshift mutation changes the amino acid sequence from the site of the mutation.

Repeat expansion mutation

Original DMA code for an amino acid sequence.

a—CATTCACAGGTAATCATGCTA
bases

-4 His H Ser H GIn H val H lle H Met H Leu }J-

Amino acid
s

™,
—— v
I | | I | I

4 {CAG).
CATTCACAGCAGCAGATGCTA

e Repeated trinucleotide
e
v

b
r

~-- His H Ser H GiIn Gln [ Met H Leu

Repeated trinucleotide adds a string
of glutamines (Gln) to the protein.

5. Mational Library of Medicine

In this example, arepeated trinucl eotide sequence (CAG) adds a series of the amino
acid glutamine to the resulting protein.
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What are the different ways in which a genetic condition
can be inherited?

Some genetic conditions are caused by mutations in asingle gene. These conditions
are usually inherited in one of severa straightforward patterns, depending on the
geneinvolved:

Inheritance Description Examples

pattern

Autosomal Only one mutated copy of the geneisneeded for Huntington disease,
dominant aperson to be affected by an autosomal dominant neurofibromatosis 1

disorder. Each affected person usually has one
affected parent (illustration on page 16).

Autosomal Two copies of the gene must be mutated fora  cystic fibrosis, sickle
recessive person to be affected by an autosomal recessive cell anemia

disorder. An affected person usually has unaffected

parents who each carry a single copy of the

mutated gene (and are referred to as carriers)

(illustration on page 17).

X-linked X-linked dominant disorders are caused by X-linked
dominant mutationsin genes on the X chromosome. Only a hypophosphatemia
few disorders have this inheritance pattern.
Females are more frequently affected than males,
and the chance of passing on an X-linked dominant
disorder differs between men
(illustration on page 18) and women
(illustration on page 19).

X-linked X-linked recessive disorders are also caused by  hemophilia A,
recessive mutations in genes on the X chromosome. Males Duchenne muscular

are more frequently affected than females, and the dystrophy
chance of passing on the disorder differs between

men (illustration on page 20) and women

(illustration on page 21).
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Inheritance Description Examples
pattern

Mitochondrial Thistype of inheritance, also known as maternal Leber's hereditary
inheritance, applies to genes in mitochondrial optic neuropathy
DNA. (Mitochondria, which are structuresineach (LHON)
cell that convert molecules into energy, each
contain asmall amount of DNA.) Because only
egg cdlls contribute mitochondriato the developing
embryo, only females can pass on mitochondrial
conditions to their children
(illustration on page 22).

Many other disorders are caused by a combination of the effects of multiple genes
or by interactions between genes and the environment. Such disorders are more
difficult to analyze because their genetic causes are often unclear, and they do not
follow the patterns of inheritance described above. Examples of conditions caused
by multiple genes or gene/environment interactions include heart disease, diabetes,
schizophrenia, and certain types of cancer.

For moreinformation about inheritance patterns:

The Genetics and Public Policy Center provides an introduction to hereditary
mutations (http://www.dnapolicy.org/genetics/geneticsAndDi sease.jhtml#hered),
including their patterns of inheritance.
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[llustrations: I nheritance patterns

Autosomal dominant

Affected Y ;: Unaffacted

father ~ mather
| |
|| i
n] B ) ni

| | :
|I !l |
B Unaffected LI
[] Affected LA

On ({11

an ] |

ARL
i

Aﬂeatued Unaffected Unaffected Affected
san daughter 50N daughter
.5, Mational Librany of Medicine
In thisexample, aman with an autosomal dominant disorder hastwo affected children
and two unaffected children.
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Autosomal recessive

Carrier Carrier
father mother
|
|/ |
onm | | ] |
|
I
B Unaffected -
[] Affected L
[HcC arrler
I_..I;:' :w-l...' I-I
| [ i
1l [y 1
| I iV \
vll I !L A
on | |y om |l| o
Unaffected E arrier Carrigr Affected
0N daughter 50N daughter

.5, Mational Librany of Medicine

In this example, two unaffected parents each carry one copy of a gene mutation for
an autosomal recessive disorder. They have one affected child and three unaffected
children, two of which carry one copy of the gene mutation.
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X-linked dominant, affected father

Affected I ;:. Unaffacted
father ~ ™ mother
1 |.' .
ol BT ni
|
[
W ! || I _:": :':.
B Unaffected || i'
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[] Affected LA
h\‘\-.
"'\_ ¥,
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xY X |'w | Xy ’-. b
II.r ﬁl l |
. !
1 ] | T!H | ]
ifl iRl
Unaffected Affected Unaffected Affected
0N daughter 50N daughter

.5, Mational Librany of Medicine
In this example, a man with an X-linked dominant condition has two affected
daughters and two unaffected sons.
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X-linked dominant, affected mother

Unaffected ."J-“'.I Affected
father r-'_,, = mother
Il ||I
[0 q)
1] ,l | u] |
L iy

B Unaffected
[] Affected

Unaffected  Affected Affected Unaffected
san daughter 50N daughter
.5, Mational Librany of Medicine
In this example, awoman with an X-linked dominant condition has an affected
daughter, an affected son, an unaffected daughter, and an unaffected son.
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X-linked recessive, affected father

Affected Y ;: Unaffacted

father ~ mother
Ry
(] |
ol IR ni
|
[
| !l | XX
B Unaffected | | |
I |
[] Affected P
[} Carrier = ~aiil}
i
WY
I.—-"
XY X I| ¥ WY
1] on | | ] 'y o 1]
) )
Unaffected Carrier Carrier Unaffectad
500 daughter daughter 500

.5, Mational Librany of Medicine

In this example, a man with an X-linked recessive condition has two unaffected
daughters who each carry one copy of the gene mutation, and two unaffected sons
who do not have the mutation.
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A-linked recessive, carrier mother

Carrier
mother

Unaffected
father

] | ] |

B Unaffected
[] Affected
[} Carrier

Ky x| |
' v NN
|I I!lﬁl
LA
1] on /| on
A4
Unaffected  Unaffected Carrier Affected
0N daughter daughter 0N

.5, Mational Librany of Medicine
In this example, an unaffected woman carries one copy of a gene mutation for an
X-linked recessive disorder. She has an affected son, an unaffected daughter who

carries one copy of the mutation, and two unaffected children who do not have the
mutation.
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Mitochondrial
Unaffected Affected Affected Unaffacted
father maoathar father mother

.":|_I -.'II" I
! by
L I| II.I'
()
I
L—
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|'| '|,| \i I

|
il « I
'.Il’ Il'.
AR

5 X
Affected childran Unaffected children

\_'_:-

| —

(=]

. Unaffacted
|:| Affected

.5, Mational Librany of Medicine

In one family, awoman with a mitochondrial disorder and her unaffected husband
have only affected children. In another family, aman with amitochondrial condition
and his unaffected wife have no affected children.
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If agenetic disorder runsin my family, what are the
chances that my children will have the condition?

When a genetic disorder is diagnosed in afamily, family members often want to
know the likelihood that they or their children will develop the condition. This can
be difficult to predict in some cases because many factorsinfluence a person's chances.
One important factor is how the condition isinherited. For example:

A person affected by an autosomal dominant disorder has a 50-percent
chance of passing the mutated geneto each child. Thereisal so a50-percent
chance that a child will not inherit the mutated gene

(illustration on page 16).

For an autosomal recessive disorder, two unaffected peoplewho each carry
one copy of the mutated gene (carriers) have a 25-percent chance with each
pregnancy of having achild affected by the disorder. Thereisa 75-percent
chance with each pregnancy that a child will be unaffected

(illustration on page 17).

The chance of passing on an X-linked dominant condition differs between
men and women because men have one X and one 'Y chromosome, while
women have two X chromosomes. A man passeson hisY chromosometo
all of hissonsand his X chromosome to all of his daughters. Therefore,
the sons of aman with an X-linked dominant disorder will not be affected,
and his daughters will al inherit the condition (illustration on page 18).
A woman passes on one or the other of her X chromosomes to each child.
Therefore, awoman with an X-linked dominant disorder has a 50-percent
chance of having an affected daughter or son with each pregnancy
(illustration on page 19).

Because of the difference in sex chromosomes, the probability of passing
on an X-linked recessive disorder aso differs between men and women.
The sons of aman with an X-linked recessive disorder will not be affected,
and his daughters will carry one copy of the mutated gene

(illustration on page 20). With each pregnancy, a woman who carries an
X-linked recessive disorder has a 50-percent chance of having sons who
are affected and a 50-percent chance of having daughters who carry one
copy of the mutated gene (illustration on page 21).

It isimportant to note that the chance of passing on agenetic condition appliesequally
to each pregnancy. For example, if a couple has a child with an autosomal recessive
disorder, the chance of having another child with the disorder is still 25 percent (or
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1in 4). Having one child with a disorder does not “protect” future children from
inheriting the condition. Conversely, having a child without the condition does not
mean that future children will definitely be affected.

Although the chances of inheriting a genetic condition appear straightforward, in
some cases factors such as a person's family history and the results of genetic testing
can modify those chances. In addition, some people with a disease-causing mutation
never develop any health problems or may experience only mild symptoms of the
disorder. If adiseasethat runsin afamily does not have aclear-cut inheritance pattern,
predicting the likelihood that a person will develop the condition can be particularly
difficult.

Because estimating the chance of developing or passing on agenetic disorder can be
complex, genetics professionals can help peopl e understand these chances and make
informed decisions about their health.

For moreinformation about passing on a genetic disorder in a family:

The National Library of Medicine MedlinePlusweb site offersinformation about the
chance of developing a genetic disorder on the basis of itsinheritance pattern. Scroll
down to the section “ Statistical Chances of Inheriting aTrait” for each of thefollowing
inheritance patterns:

Autosomal dominant (http://www.nlm.nih.gov/medlineplus/ency/article/
002049.htm)

Autosomal recessive (http://www.nlm.nih.gov/medlineplus/ency/article/
002052.htm)

X-linked dominant (http://www.nlm.nih.gov/medlineplus/ency/article/
002050.htm)

X-linked recessive (http://www.nlm.nih.gov/medlineplus/ency/article/
002051.htm)
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Can changes in chromosomes cause disorders?

Y es; changes that affect entire chromosomes or large segments of chromosomes can
cause problemswith growth, development, and function of the body's systems. These
changes can affect many genes along the chromosome and alter the proteins made
by those genes. Conditions caused by a change in the number or structure of
chromosomes are known as chromosomal disorders. Many chromosomal disorders
are not inherited.

Human cellsnormally contain 23 pairs of chromosomes, for atotal of 46 in each cell.
A change in the number of chromosomes leads to a chromosomal disorder. A gain
or loss of chromosomes from the normal 46 is called aneuploidy. Down syndrome
Is an example of a condition caused by aneupl oidy—people with Down syndrome
have an extra copy of chromosome 21, for atotal of 47 chromosomesin each cell.

Chromosomal disorders can also be caused by changes in chromosome structure.
These changes are caused by the breakage and reunion of chromosome segments
when an egg or sperm cell isformed. Pieces of DNA can be rearranged within one
chromosome, or transferred between two or more chromosomes. The effects of
structural changes depend on their size and location. Some disorders caused by
changes in chromosome structure can be passed from parent to child.

For moreinformation about chromosomal disorders:
Chromosome Deletion Outreach offers a fact sheet on this topic titled Introduction
to Chromosome Abnormalities (http://www.chromodisorder.org/intro.htm).

Georgetown University's Human Genome Education Model Project |1 providesafact
sheet (http://www.georgetown.edu/research/gucdc/hugem/fs12.htm) about
chromosomal disorders and their causes.

The Genetics and Public Policy center also offers an overview of chromosomal
mutations (http://www.dnapolicy.org/geneti cs/geneticsAndDi sease.j html#chromo).
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Why are some genetic conditions more common in
particular ethnic groups?

Some genetic disorders are morelikely to occur among peoplewho trace their ancestry
to aparticular geographic area. Peoplein an ethnic group often share certain versions
of their genes, which have been passed down from common ancestors. If one of these
shared genes contains a disease-causing mutation, a particular genetic disorder may
be more frequently seen in the group.

Examples of genetic conditions that are more common in particular ethnic groups
aresickle cell anemia, whichismore common in peopleof African, African-American,
or Mediterranean heritage; and Tay-Sachs disease, which is more likely to occur
among people of Ashkenazi (eastern and central European) Jewish or French Canadian
ancestry. It isimportant to note, however, that these disorders can occur in any ethnic

group.
For moreinformation about genetic disordersthat are more common in certain
groups:

The National Institute of General Medical Sciences (NIGMS) fact sheet Genes &
Populations (http://www.nigms.nih.gov/news/science_ed/genepop/fag.html) offers
additional discussion on thistopic. Scroll down to the question “Why do researchers
sometimes study ethnic and racial groups?’
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What information about a genetic condition can statistics

provide?

Statistical data can provide general information about how common a condition is,
how many people have the condition, or how likely it is that a person will develop
the condition. Statistics are not personalized, however—they offer estimates based
on groups of people. By taking into account aperson'sfamily history, medical history,
and other factors, a genetics professional can help interpret what statistics mean for

aparticular patient.

Some statistical terms are commonly used when describing genetic conditions and

other disorders. These terms include:

Statistical term Description Examples
Incidence The incidence of a gene mutation or a About 1 in 200,000 peoplein
genetic disorder isthe number of people  the United Statesare born with

who are born with the mutation or disorder
in aspecified group per year. Incidenceis
often written in the form “1 in [a number]”
or as atotal number of live births.

Prevdlence  The prevalence of agene mutation or a
genetic disorder is the total number of
people of any age who have the mutation or
disorder in aspecified group at agiventime.
This includes both newly diaghosed and
pre-existing cases. Prevalenceis often
written in the form “1 in [anumber]” or as
atotal number of people who have a
condition.

Mortality Mortality isthe number of deaths from a
particular disorder occurring in a specified
group per year. Mortality isusually
expressed as atotal number of deaths.
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Statistical term Description Examples

Lifetimerisk Lifetimerisk isthe average risk of Approximately 1 percent of
developing a particular disorder at some  people in the United States
point during alifetime. Lifetimerisk isoften develop disorder D during
written asapercentageor as“lin[a their lifetimes. The lifetime
number].” It isimportant to remember that risk of developing disorder D
therisk per year or per decadeismuchlower is1in 100.
than the lifetime risk. In addition, other
factors may increase or decrease a person's
risk as compared with the average.

For moreinformation about interpreting statistics:

The National Alliance of Breast Cancer Organizations (NABCO) offers afact sheet
titted Comments on Putting Cancer Statistics in Context (http://www.nabco.org/
Index.php/index.php/138). This resource lists the uses and limitations of cancer
statistics. Although the fact sheet focuses on cancer, information about interpreting
medical statistics can also apply to other disorders.
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How are genetic conditions and genes named?

Naming genetic conditions

Genetic conditions are not named in one standard way (unlike genes, which are given
an official name and symbol by aformal committee). Doctorswho treat familieswith
aparticular disorder are often the first to propose a name for the condition. Expert
working groups may later revise the name to improve its usefulness. Naming is
important because it allows accurate and effective communication about particular
conditions, which will ultimately help researchers find new approachesto treatment.

Disorder names are often derived from one or a combination of sources:

» Thebasic genetic or biochemical defect that causes the condition (for
example, apha-1 antitrypsin deficiency);

* Oneor more major signs or symptoms of the disorder (for example, sickle
cell anemia);

* The parts of the body affected by the condition (for example,
retinoblastoma);

« Thename of aphysician or researcher, often the first person to describe
the disorder (for example, Marfan syndrome, which was named after Dr.
Antoine Bernard-Jean Marfan);

* A geographic area(for example, familial Mediterranean fever, which occurs
mainly in populations bordering the Mediterranean Sea); or

*  Thename of apatient or family with the condition (for example,
amyotrophic lateral sclerosis, whichisalso called Lou Gehrig disease after
afamous baseball player who had the condition).

Disorders named after a specific person or place are called eponyms. Thereis debate
asto whether the possessive form (e.g., Alzheimer’ s disease) or the nonpossessive
form (Alzheimer disease) of eponymsispreferred. Asarule, medical geneticists use
the nonpossessive form, and this form may become the standard for doctorsin all
fields of medicine. Genetics Home Reference uses the nonpossessive form of eponyms.

Genetics Home Reference consults with expertsin the field of medical geneticsto
provide the current, most accurate name for each disorder. Alternate names are
included as synonymes.

Naming genes

The HUGO Gene Nomenclature Committee (http://www.gene.ucl.ac.uk/
nomenclature/) (HGNC) designates an official name and symbol (an abbreviation of
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the name) for each known human gene. Some official gene names include additional
information in parentheses, such asrelated genetic conditions, subtypes of acondition,
or inheritance pattern. The HGNC is a non-profit organization funded by the U.K.
Medical Research Council and the U.S. National Institutes of Health. The Committee
has named more than 13,000 of the estimated 30,000 to 40,000 genes in the human
genome.

During the research process, genes often acquire several alternate names and symbols.
Different researchers investigating the same gene may each give the gene adifferent
name, which can cause confusion. The HGNC assigns a unique name and symbol to
each human gene, which allows effective organization of genesin large databanks,
aiding the advancement of research. To access the HGNC's guidelines for naming
human genes, click on “Guidelines’ from the HGNC home page
(http://www.gene.ucl.ac.uk/nomenclature/).

Genetics Home Reference describes genes using the HGNC' s official gene names
and gene symbols. Genetics Home Reference frequently presents the symbol and
name separated with acolon (for example, FGFR4: fibroblast growth factor receptor
4).
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